tiple functions of MSCs, supposedly lead to multifaceted strategies in various models of kidney disease.
In the issue of Kidney Research and Clinical Practice, Villanueva et al [4] assessed the efficacy and safety of an injection, of autologous adipose tissue-derived MSCs (AT-MSCs), for treatment of CKD. They infused ATMSCs intravenously into 6 patients with CKD, at a dose of 1 × 10 6 /kg. This dose was the most frequently used in previous studies, and proved not to be associated, with adverse events as well [5] . Estimated glomerular filtration rate (eGFR), assessed by the Modification of Diet in Kidney Disease, formula was 20-40 mL/min/1.73 m 2 .
The cause of CKD was different in each patient; 1) focal and segmental glomerulosclerosis, 2) immunoglobulin A nephropathy, 3) post-acute kidney injury RIFLE stage L, 4) tubulointerstitial chronic nephritis due to Sjögren's disease, 5) renal dysplasia, and 6) hypertensive glomerulosclerosis. All patients were medicated, including administering of renin-angiotensin blockade, before enrollment and during the study. As a result, no adverse effect was detected in all patients, and eGFR did not decrease significantly after AT-MSCs infusion, during the followup period of 1 year. Of note, significant improvements in urinary protein excretion were detected in some patients. So, despite limitations of this study, especially because of the small number of included patients without control groups, they suggested that AT-MSCs infusion was not associated with adverse effects, and may benefit patients already undergoing standard medical treatment for CKD.
There have been few clinical trials, which investigate the safety and therapeutic potential of MSCs, in patients with various types of CKD [6] . Most of the trials have been phase I or II studies, and had limitations in number of patients, and study design as well (Table 1) . Considering complex processes and expensive infrastructures required to produce qualified MSCs, it is difficult to per- Meanwhile, a high dose of MSCs can be associated, with severe adverse events, as mentioned in the article [7] . In this regard, optimal range of cell number according to infusion method should be determined. Second, to maintain therapeutic potential of MSCs after infusion is also a significant issue. The effectiveness of MSCs can decrease after injection, because of poor micro-environments such as low oxygen, inflammatory condition, and free radicals [8] . So, to improve the quality of MSCs before treatment would be an innovative strategy in MSCs-based therapy. Cultivation of MSCs under hypoxic condition or bioactive molecules, and use of MSCs conditioned-medium or MSCs derived micro-vesicles have been proposed to increase effectiveness of MSCs in pre-clinical study. Those results should be evaluated, in clinical studies in the future [9] . Third, the source of MSCs must be discussed. There are three available sources for MSCs generation; adipose tissue, umbilical cord blood cells, and bone marrow. The effectiveness of MSCs may not differ, according to type of source. However, when adipose tissue or bone marrow were used as a source of MSCs, 'autologous' and 'allogeneic' MSCs can be generated. Autologous MSCs have some advantages, because patient's tissue derivatives can be more compatible to patients themselves. Additionally, autologous MSCs can escape from rejection or cell damages induced by allo-immune system of the host, which may occur when allogeneic MSCs are used [9] . However, to generate autologous MSCs in each patient require an expensive and time-consuming process.
Additionally, the quality of MSCs can be different in each individual. For example, a patient with diabetic nephropathy was excluded from the study, because of poor proliferation, and resulting low number of AT-MSCs in culture, in this study [4] . So, for mass-production of standardized "cell therapy agent", allogenic MSCs can be preferred. But to improve therapeutic potential, and to decrease the possibility of rejection, are remaining problems to resolve. A recent report suggested that human-induced pluripotent stem cells (iPSCs)-derived MSCs can be used as an active cell resource for regenerative medicine. The iPSC-MSC is expected to enable personalized medicine, by an unlimited number of homogenous autologous MSCs in each patient [10] . In summary, theoretically, MSCs can possibly halt and retard progression of tissue damage in CKD, and has been extensively investigated in pre-clinical studies. If those beneficial effects can be evaluated in large scale clinical trials, as well as optimal cell dose and injection method, the source of MSCs can be standardized, MSCs will be accepted as innovative therapy for regenerative treatment of CKD.
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